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Summary

Background. Breast cancer is a heterogeneous and chronic disease with relapses and death occurring 25 years or
more after primary diagnosis. Standard tumor characteristics are used to predict initial relapse or death, but their
ability to estimate long-term patterns of failure may be limited.

Methods. To further evaluate the significance of standard tumor features, we compared incidence and prognostic
patterns in the National Cancer Institute’s (NCI’s) large-scale population-based Surveillance, Epidemiology, and
End Results (SEER) program for high-risk versus low-risk breast cancers, i.e., size >2.0 versus < 2.0 cm, lymph
node positive versus negative, high versus low histologic grade, and hormone receptor negative versus positive
expression, respectively. Data were stratified by age 50 years to approximate menopause.

Results. High-risk versus low-risk breast cancers demonstrated two very different incidence and prognostic
patterns. Age-specific incidence rates among women with high-risk tumors increased until age 50 years then flat-
tened, whereas rates among women with low-risk tumors increased continuously with aging. Hazard rates for breast
cancer death spiked sharply two years following primary breast cancer diagnosis among women with high-risk but
not with low-risk tumors. Paradoxically, hazard function crossed over 6-8 years following breast cancer diagnosis,
with hazard rates lower for high-risk than for low-risk breast cancers.

Conclusion. Distinct incidence and prognostic patterns among high-risk and low-risk breast cancers suggest a
possible link between breast cancer etiology and outcome. These epidemiologic results appear to complement
emerging molecular genetic techniques, showing distinct genotypes for high-risk and low-risk breast cancer phe-
notypes.

Introduction after 3—5 years of follow-up [1]. Before 3 years, the risk

of relapse was greater for ER negative than for ER

Given the general view of breast cancer as a biologically
heterogeneous and chronic disease process, clinicians
have relied upon incident tumor characteristics to esti-
mate high-risk and low-risk patterns of relapse and/or
death. High-risk characteristics such as early age-at-
onset, tumor size >2.0 cm, axillary lymph node (LN)
positive, high histologic grade, estrogen receptor (ER)
negative expression, and progesterone receptor (PR)
negative expression are associated with relatively unfa-
vorable prognosis and early relapse. On the other hand,
low-risk characteristics such as later age-at-onset, size
< 2.0 cm in diameter, LN negative status, low histologic
grade, ER positive expression, and PR positive expres-
sion are correlated with relatively favorable prognosis.

While these tumor features may predict
near-term prognosis, their ability to forecast long-term
patterns of failure is suspect. For example, Hilsenbeck
et al. demonstrated crossover effects for ER expression

positive breast cancers. At 3 years, risk of relapse was
neutral for ER expression. After 5 years, risk of relapse
was greater for ER positive than for ER negative breast
cancers.

Some clinical evidence even suggests that high-risk
and low-risk tumor characteristics may be predestined
prior to primary breast cancer diagnosis [2—4]. Recent
molecular studies seemingly support this view, demon-
strating distinct gene expression signatures for high-risk
and low-risk breast cancer populations [5, 6]. However,
these molecular results have not been confirmed in a
population-based setting.

To further explore the relationship between initial
tumor features and prognosis, we examined age-specific
incidence rates, age frequency distribution at diagnosis,
actuarial breast cancer survival, and hazard function
among women with high-risk versus low-risk breast
cancers in the large-scale population-based Surveillance,
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Epidemiology, and End Results (SEER) program of the
National Cancer Institute (NCI).

Materials and methods

We used the NCI’s SEER Cancer Incidence Public-Use
database (November 2003 submission) to analyze inva-
sive female breast cancers [7]. The SEER database in-
cluded overlapping 9 and 12 Registry Databases. The
9 Registry Database collected data for the years 1973—
2001 from SEER’s original catchment regions, including
registries in Atlanta, Connecticut, Detroit, Hawaii,
Iowa, New Mexico, San Francisco-Oakland, Seattle-
Puget Sound, and Utah. The 12 Registry Database
collected information for the years 1992-2001 from
SEER’s original 9 registries plus Los Angeles, San Jose-
Monterey, and the Alaskan Native Tumor registries.
Although operative for fewer years than the 9 Registry
Database, the 12 Registry Database provided more de-
tailed information for tumor characteristics and hor-
mone receptor expression. For example, SEER did not
collect information concerning tumor size, axillary
lymph nodal (LN) status, and histologic grade until
1988, and did not collect data regarding hormone
receptor expression until 1990. Given that this analysis
required data for tumor characteristics, breast cancer
cases were extracted from SEER’s 12 Registry Database
(1992-2001). We adopted age 50 years as our surrogate
measure for menopause [8].

Tumor characteristics were categorized as high-risk
or low-risk. High-risk or low-risk characteristics were
tumor size >2.0 or <2.0 cm in diameter, positive or
negative axillary lymph nodes (LN positive or negative),
high or low histologic grade, ER negative or positive
expression, and PR negative or positive expression,
respectively. We also created composite high-risk or
low-risk groups for those breast cancers with exclusively
unfavorable or favorable tumor characteristics, respec-
tively. For example, composite high-risk breast cancers
were >2.0cm in diameter + LN positive + high
grade + ER negative expression. Composite low-risk
breast cancers were <2.0 cm + LN negative + low
grade + ER positive expression. To conserve sample
size, PR expression was excluded from these composite
definitions.

Incidence patterns

Incidence rates with standard errors (SE) were calcu-
lated using SEER stat 5.2.2, age-adjusted to the 2000 US
standard, and expressed per 100,000 woman-years.
Relative risks for high-risk compared to low-risk tumor
characteristics were expressed as incidence rate ratios
(RR), where a high-risk characteristic was compared to a
low-risk characteristic with an assigned RR of 1.0. RRs
were tested by calculating approximate 95% confidence
intervals [9]. Age-specific incidence rate curves were
charted on a log—log scale, as originally described by

Armitage and Doll [10, 11]. Probability density function
curves for age at diagnosis were plotted, as previously
described [12, 13]. In brief, the probability density
function reflected a smoothed age frequency distribution
at the time of primary breast cancer diagnosis.

Prognostic patterns

We used the Kaplan—Meier (KM) product-limit method
to estimate actuarial breast cancer survival [14].
Cumulative survival curves for high-risk and low-risk
characteristics were compared with the two-sided log
rank test [15]. Cox proportional-hazards model was
used to examine the relative effects of tumor character-
istics upon breast cancer survival [16]. SEER stat 5.2.2
calculated the hazard function for breast cancer death as
relative hazard rates, derived from life-table estimates
for expected survival. The hazard death rate was a
conditional rate of breast cancer death in a specified
time interval following breast cancer diagnosis given
that the subject was alive at the beginning of that time
interval. Hazard rate described not only the rate of
failure over time, but also the relative magnitude of
failure. The relative rate of failure was plotted on the
y-axis, and the time interval following breast cancer
diagnosis was plotted on the x-axis.

Results

The SEER 12 Registry Database collected data for
n = 242,549 invasive female breast cancer cases diag-
nosed during the years 1992-2001 (Table 1). There were
56,899 (23.5%) breast cancer cases age <50 years and
185,650 (76.5%) cases age > 50 years. Median age-at-
diagnosis was 62 years for all breast cancer cases com-
bined. Median tumor size was 1.6 cm for all breast cancer
cases, with larger tumors being more common among
women <50 years (2.0 cm) than among women
> 50 years (1.5 cm). The overall incidence rate was 132.5
per 100,000 woman-years. Breast cancer incidence rates
peaked among women ages 70—79 with the RR of 11.1
(95% CI, 10.9-11.2) compared to women age <50 years.
The RR for black to white race was 0.9 (95% CI, 0.9-0.9)
for all breast cancer cases, 1.0 (95% CI, 1.0-1.0) for
younger women, and 0.8 (95% CI, 0.8-0.8) for older
women.

All single and composite high-risk tumor character-
istics compared to low-risk tumor characteristics were
more common among women age <50 years than
among women age = 50 years (Table 1). Ninety-five
percent confidence limits (95% CI) were very tight for
all comparisons. For example, RR for large (> 2.0 cm)
compared to small (< 2.0 cm) tumor diameter was 0.7
(95% C1, 0.7-0.8) for younger women and 0.5 (95% CI,
0.5-0.5) for older women. Similar patterns were ob-
served for LN status, histologic grade, ER, and PR. The
group with ‘unknown and other’ data ranged from 10 to
25% for single tumor characteristics.
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RR for composite high-risk prognostic profiles
compared to composite low-risk profiles was 0.3 (95%
CI, 0.3-0.4) for younger women and 0.1 (95% CI, 0.1-
0.1) for older women. There was a large amount of
‘unknown and other data’ for the composite group
(77%, n =186,861 of 242,549), which was actually
composed mostly of other rather than unknown tumor
characteristics. For example, where composite high-risk
tumors would include breast cancers that were
>2.0 cm + LN positive + high grade + ER negative,
other breast cancers for the composite designation might
include breast cancers that were >2.0 cm + LN posi-
tive + high grade + ER positive, or tumors that were
>2.0 cm + LN positive + low grade + ER negative,
etc.

Figure 1 illustrates age-specific incidence rate curves
for all breast cancer cases and single tumor character-
istics. Rates for all cases increased rapidly until age
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50 years, and then continued to rise at slower rates
(Figures 1(a—f)). Rates were higher for Blacks than for
Whites prior to age 50 years (Figure 1(a)), after which
there was ethnic crossover with rates higher for Whites
than for Blacks [17]. Rates for all single high-risk
characteristics increased rapidly until age 50 years then
rose at a much slower rate or flattened (Figures 1(b—f)).
Rates for all single low-risk characteristics increased
rapidly until age 50 years then continued to rise at a
slower pace, similar to rates for all cases. We observed
varying amounts of incidence rate crossovers for all
high-risk and low-risk tumor characteristics (Figures
1(b—f)). For example, rates were higher for high grade
tumors than for low grade tumors prior to age 50 years,
after which rates were higher for low grade than for high
grade tumors. Age-specific rates for the group with
‘unknown and other’ data were similar to rates for all
cases and low-risk characteristics (data not shown).
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Figure 1. Age-specific incidence rates in SEER’s 12 Registry Database among female breast cancer cases collected during the years 1992-2001.
Each chart includes three graphs; (1) for all breast cancer cases combined, (2) for breast cancer cases defined by single low-risk tumor charac-
teristics, and (3) for breast cancer cases defined by single high-risk tumor characteristics. (a) White (low-risk) and Black (high-risk) race; (B)
Tumor size < 2.0 cm (low-risk) and >2.0 cm (high-risk); (c¢) Axillary lymph nodes (LN) negative (low-risk) and LN positive (high-risk); (d)
Histologic grade low (low-risk) and high (high-risk); (e) Estrogen receptor (ER) positive (low-risk) and ER negative (high-risk); (f)Progesterone

receptor (PR) positive (low-risk) and PR negative (high-risk).
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Figure 2. Age distribution at diagnosis in SEER’s 12 Registry database among female breast cancer cases collected during the years 1992-2001.
(a) Age-specific incidence rates for all breast cancer cases combined (n = 242,549), ‘unknown and other’ (n = 186,816), composite low-risk
(n = 49,118), and composite high-risk (n = 6,615) prognostic profiles. Composite low-risk profiles included only those breast cancer cases among
women with tumors <2.0 cm + axillary LN negative + low histologic grade + ER positive expression. Composite high-risk profiles included
only those cases among women with tumors >2.0 cm + axillary LN positive + high histologic grade + ER negative expression. (b) Age
frequency density plot among all breast cancer cases combined (n = 242,549), (c) Age frequency density plot among those breast cancer cases
defined by composite high-risk profiles (n = 6,615). (D) Age frequency density plot among those breast cancer cases defined by composite low-risk

profiles (n = 49,118).

Figure 2 displays age-specific incidence rates and age
frequency distributions for composite tumor character-
istics. Rates were higher for composite high-risk than for
composite low-risk tumors until ages 30—44 years, after
which there was crossover with rates higher for com-
posite low-risk than for composite high-risk tumors
(Figure 2(a)). Rates for composite high-risk tumors in-
creased rapidly until age 50 years then plateaued and
subsequently fell. Rates for composite low-risk tumors
increased rapidly until age 50 years then continued to
rise at a slower pace, similar to rates for all cases. Rates
for breast cancers with ‘unknown or other’ tumor
characteristics for the composite group were virtually
superimposable and indistinguishable from the rate
curve for all cases.

Age frequency distribution for all breast cancer
cases combined had bimodal early-onset and late-onset
peak frequencies at ages 52 and 71 years, respectively
(Figure 2(b)). The age frequency distribution for com-
posite high-risk tumors was unimodal with an early-
onset peak frequency at age 48 years (Figure 2(c)). On
the other hand, the age frequency distribution for
composite low-risk tumors was predominantly unimo-
dal with a late-onset peak frequency at age 72 years
(Figure 2(d)).

Figure 3 shows age frequency distributions for all
single high-risk and low-risk tumor characteristics. As
for composite tumors (Figures 2(c—d)), age frequency

distributions for all single high-risk tumors were pre-
dominantly unimodal with early-onset peak frequencies.
On the other hand, age frequency distributions for all
single low-risk tumors were predominantly unimodal
with late-onset peak frequencies.

Figure 4 superimposes incidence and prognostic
patterns for tumors defined by high-risk and low-risk
characteristics. High-risk tumors with flattened age-
specific incidence rate curves had significantly worse
actuarial breast cancer survival than did low-risk tumors
(Figures 4(a—b), p < 0.001). With 120 months of fol-
low-up, median duration of survival was 28 months for
composite high-risk compared to 41 months for
composite low-risk breast cancers. Cox proportional
analysis confirmed hazard ratios of 28.91 for composite
high-risk compared to composite low-risk profiles
(Table 2). Twenty-four months following breast cancer
diagnosis, the hazard function for breast cancer death
demonstrated a sharp spike for composite high-risk
tumors (Figure 4(c)). This 2-year hazard peak was ab-
sent for low-risk tumors. Approximately 96 months
following breast cancer diagnosis, the hazard function
crossed over with low-risk tumors having slightly greater
hazard rates than high-risk tumors.

Figure 5 shows hazard function for all single high-
risk and low-risk tumor characteristics. All high-risk
tumors had a very characteristic 2-year hazard spike,
which was not present for all low-risk tumors. Hazard
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Figure 3. Age frequency density plot in SEER’s 12 Registry Database among female breast cancer cases collected during the years 1992-2001.
Each chart includes two graphs; (1) for breast cancer cases defined by single low-risk tumor characteristics, and (2) for breast cancer cases defined
by single high-risk tumor characteristics. (a) White (low-risk) and Black (high-risk) race; Tumor size 2.0 cm (low-risk) and >2.0 cm (high-risk);
(c) Axillary lymph nodes (LN) negative (low-risk) and LN positive (high-risk); (d) Histologic grade low (low-risk) and high (high-risk); (e)
Estrogen receptor (ER) positive (low-risk) and ER negative (high-risk); (f) Progesterone receptor (PR) positive (low-risk) and PR negative (high-
risk).
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Figure 4. Breast cancer incidence and outcome in SEER’s 12 Registry database among female breast cancer cases collected during the years
1992-2001. (a) Age-specific incidence rates for all breast cancer cases combined (7 = 242,549), ‘unknown and other’ (n = 186,816), composite
low-risk (n = 49,118), and composite high-risk (n = 6,615) prognostic profiles. Composite low-risk profiles included only those breast cancer cases
among women with tumors < 2.0 cm + axillary LN negative + low histologic grade + ER positive expression. Composite high-risk profiles
included only those cases among women with tumors >2.0 cm + axillary LN positive + high histologic grade + ER negative expression. (b)
Actuarial breast cancer survival among those breast cancer cases defined by composite low-risk and composite high-risk prognostic profiles. (c)
Hazard function for breast cancer death among those breast cancer cases defined by composite low-risk and composite high-risk prognostic
profiles.
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Table 2. Hazard ratios for standard tumor characteristics in SEER’s 12 registry Database among female breast cancer cases collected during

1992-2001
Variable All cases combined Women <50 years Women > 50 years
HR SE HR SE HR SE

Age (years)

<50 1.00

>50 1.06 0.01
Race

White 1.00 1.00 1.00

Black 1.99 0.02 2.22 0.03 1.88 0.02
Tumor size

<2.0 cm 1.00 1.00 1.00

>2.0 cm 4.37 0.01 3.32 0.03 4.80 0.02
Lymph nodes (LN)

LN negative 1.00 1.00 1.00

LN positive 4.79 0.02 4.01 0.03 5.11 0.02
Histologic grade

Low 1.00 1.00 1.00

High 3.35 0.02 3.07 0.03 3.45 0.02
ER

ER positive 1.00 1.00 1.00

ER negative 2.64 0.01 2.48 0.03 2.72 0.02
PR

PR positive 1.00 1.00 1.00

PR negative 2.37 0.01 2.40 0.03 2.34 0.02
Composite profile

Low-risk 1.00 1.00 1.00

High-risk 28.91 0.04 28.20 0.11 32.35 0.05

Key: HR, hazard ratio for breast cancer death, where a given characteristic is compared to a referent characteristic with an assigned HR of 1.0;
SE, standard error; ER, estrogen receptor; PR, progesterone recepor; Composite low-risk prognostic profile, breast cancer cases with tumors
<2.0cm + LN negative + low grade + ER positive; Composite high-risk prognostic profile, breast cancer cases with tumors >2.0 cm + LN

positive + high grade + ER negative.

function crossed over for race, grade, ER and PR
expression, but not for tumor size and LN status.
Hazard ratios (HR) for all combinations of low-risk
and high-risk tumor characteristics during the time
period 1992-2001 are shown in Table 2. In general, the
HR for high-risk compared to low-risk tumor charac-
teristics were greater for older than for younger women.
For example, HR = 32.35 for composite high-risk pro-
files among women age = 50 years compared to
HR = 28.20 among women age <50 years. In fact, ex-
cept for PR expression, the HR for all high-risk tumor
characteristics compared to low-risk tumor characteris-
tics were greater for older than for younger women.

Discussion
Age-specific incidence rates among women with invasive

breast cancer increased rapidly until age 50 years, and
then diverged for high-risk and low-risk tumor charac-

teristics (Figure 1). Yasui and Potter first demonstrated
divergent age-specific incidence rate patterns for ER
negative versus ER positive tumors in the Danish Breast
Cancer Cooperative Group [18], which was subse-
quently confirmed in the SEER database [13, 19].
Similarly shaped age-specific rate curves for all single
high-risk versus low-risk tumor characteristics illus-
trated that this peculiar phenomenon was not specific
for ER expression.

Given similar incidence patterns for all single tumor
characteristics, we further explored age distribution at
diagnosis with composite groups containing only high-
risk or low-risk tumor features (Table 1, Figure 2).
Whereas age-specific incidence rates for most epithelial
tumors increase steadily with aging [20, 21], rates for
breast cancer overall (n = 242,549) increase more slowly
after menopause (age 50 years, Figure 2(a)). The men-
opausal bend in age-specific rates has been termed
Clemmesen’s hook [22]. This unusual breast cancer
incidence rate pattern with its peculiar menopausal hook
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Figure 5. Hazard function in SEER’s 12 Registry Database among female breast cancer cases collected during the years 1992-2001. Each chart
includes two graphs; (1) for breast cancer cases defined by single low-risk tumor characteristics, and (2) for breast cancer cases defined by single
high-risk tumor characteristics. (a) White (low-risk) and Black (high-risk) race; (b) Tumor size < 2.0 cm (low-risk) and >2.0 cm (high-risk); (c)
Axillary lymph nodes (LN) negative (low-risk) and LN positive (high-risk); (d) Histologic grade low (low-risk) and high (high-risk); (e) Estrogen
receptor (ER) positive (low-risk) and ER negative (high-risk); (f) Progesterone receptor (PR) positive (low-risk) and PR negative (high-risk).

reflects bimodal age frequency distribution (Fig-
ures 2(a—b)). More than 50 years ago [23], Elving
Anderson also demonstrated that Clemmesen’s hook in
rates corresponded to the dip between the bimodal
peaks of the age frequency distribution plot.

Figures 2(b—d) show that bimodal age frequency
distribution for breast cancer overall (Figure 2(b)) re-
flects the summation of ecarly-onset high-risk (Fig-
ure 2(c)) and late-onset low-risk (Figure 2(d)) unimodal
breast cancer populations, mixed or juxtaposed within
the general population [13, 24]. Similar early-onset and
late-onset age frequency distributions existed for all
single high-risk and low-risk tumor characteristics,
respectively (Figure 3). Notably, age frequency distri-
bution for male breast cancer overall is unimodal rather
than bimodal [25], confirming that bimodal breast can-
cer overall is a female-specific or menopausal-related
phenomenon [26].

Distinct incidence rate patterns predicted distinct
prognostic patterns (Figure 4(a—c)). Rates for composite
high-risk tumors with postmenopausally flattened age-
specific rate curves had worse actuarial survival and a
sharp 2-year hazard peak. The hazard ratio for com-
posite high-risk compared to composite low-risk tumors
was approximately 30 to 1 (Table 2), demonstrating an
enormous relative risk for breast cancer death. In con-

trast, rates for composite low-risk tumors had continu-
ously rising age-specific rate curves with improved
actuarial survival and no hazard peak. Figure 5 dem-
onstrates that all single high-risk tumors had the 2-year
hazard spike, whereas all single low-risk tumors lacked
this peak. Curiously, hazard rates crossed over for those
characteristics related to tumor biology, i.e., race, grade,
ER and PR expression, but not for those characteristics
related to staging, i.e., tumor size, and LN status.

It is well-known that high-risk breast cancers tend to
develop in younger rather than in older women [27, 28].
It is also known that the greatest risk for breast cancer
death overall occurs approximately 2-3 years following
primary breast cancer diagnosis [29]. However, to our
knowledge, no one has previously linked age-specific
incidence rate and hazard rate patterns, showing that
the overall 2-3 year hazard peak is solely a phenomenon
of early-onset high-risk tumors and completely absent
for late-onset low-risk tumors.

Distinct population-based incidence and prognostic
patterns in SEER appear to complement recent gene
discovery, where distinct genotypes have been associated
with high-risk and low-risk breast cancer phenotypes [5,
30-33]. These high-risk and low-risk incidence and gene-
expression patterns are seemingly established prior to
primary breast cancer diagnosis, observations that are
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difficult to reconcile with the commonly held view of
tumor evolution from low-risk to high-risk tumor fea-
tures [0, 12, 34]. Alternatively, high-risk and low-risk
tumor characteristics reflect two different types of breast
cancer, resulting from two risk factor profiles [13, 18]
and/or two stem cells of origin [35-40].

The strength of the SEER database is its large-scale
population-based design. Limitations include missing
data for menopausal status, reproductive risk factors,
treatment, or other factors that might impact results.
However, age 50 years is a reasonable surrogate for
menopause [8]. There were no reproductive risk factor
data, but SEER did accurately record the most important
risk factor for female breast cancer, e.g., age at diagnosis.
Treatment records were unavailable, but standard tumor
characteristics should predict prognosis irrespective of
treatment [41]. Effective therapy might reduce the relative
risk or odds of breast cancer death (i.e., the amplitude of
the hazard rate), but the timing of the hazard peak for
high-risk tumors always seems to occur approximately
2 years following diagnosis of primary breast cancer
[29]. The presence or absence of the hazard peak also
appeared to be linked to the shape of the age-specific
incidence rate curve at diagnosis, which would not be
affected by treatment after diagnosis. Finally, there also
was a large amount of unknown data for certain tumor
characteristics (Table 1). However, there was no evidence
that unknown data impacted results. As in our previous
SEER studies [25, 42, 43], incidence rate patterns for
cases with unknown data resembled those for all breast
cancer cases combined.

Notwithstanding the above caveats and despite the
general view of breast cancer as a heterogeneous and
chronic disease process with stepwise evolution from
low-risk to high-risk tumor features [44], unique inci-
dence and prognostic patterns in the SEER program
provide population-based evidence favoring distinct
high-risk and low-risk breast cancer types. Clearly,
further analytic studies are required to better decipher
the complicated relationship between breast cancer
incidence and prognosis. This effort is warranted given
the paradigmatic implications for two distinct and pos-
sibly genetically predetermined breast cancer pheno-
types.
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